Using in situ hybridization, we analyzed the expression pattern of the Zac1 gene in mouse brain during the embryonic and postnatal development. Zac1 is a new gene that regulates extensive apoptosis and cell cycle arrest through unrelated pathways. At embryonic stages, strong expression was observed in brain areas with active proliferation (ventricular zone and numerous neuroepithelius) and in nervous system (neural retina and neural tube). In addition, some areas with differentiation activity were noticeably labeled such as arcuate nucleus and amygdaloid region of the brain together with other embryonic sites (hindlimb, forelimb and somites). From P0 onwards, the expression appeared in some proliferative areas, such as subventricular zone and cerebellum (external granular layer and Purkinje cells) and in some synaptic plasticity areas, such as the dorso and ventromedial hypothalamic nuclei, arcuate nucleus, ventral thalamic nucleus. q
Results
High levels of Zac1 gene expression were determined early in brain development. Thus, between E9.5 and E12.5 noticeable labeling was detected in brain regions with high active cellular proliferation, such as telencephalic vesicles and the infundibular recess of the third ventricle (irIIIv) destined to form the neurohypophysis (pituitary gland), where Zac1 was intensely expressed in adult (Spengler et al., 1997) . In addition, Zac1 expression was detected in other proliferative areas of central nervous system, such as neural tube at E9.5 and neural retina at E10.5 ( Fig. 1 and Table 1 ). Other embryonic sites revealed also strong label, such as the second branchial arch, liver primordium, the somites and body wall of the umbilical region ( Fig. 1 and Table 1 ). Moreover, from E10.5 strong expression appeared in the hindlimb and forelimb Table 1 ) which were in differentiation process, starting the demarcation of the digital interzones and the development of the precartilage primordium (Kaufman, 1999) . All these findings suggest that Zac1 have an important role in cellular growth control that occurs during embryogenesis, concretely in the digits and precartilage (forelimb and hindlimb), in neural retina, in the pituitary gland (irIIIv) and in the neural tube and telencephalic vesicles).
From E14 to E18, intense Zac1 expression was detected in many brain areas with a high cellular proliferation activity, such as the ventricular zone, the external granular layer of the cerebellum (EGL) and different neuroepithelia (Fig.  2) . Specifically, the label was found in neuroepithelium of the aqueduct of Sylvius, ventral hypothalamic sulcus, third ventricle, preoptic recess, infundibulum and fourth ventricle ( Fig. 2 and Table 1 ). Moreover, strong expression was detected in brain regions with intense cellular differentiation, like arcuate nucleus, different hypothalamic and thalamic nuclei ( Fig. 2 and Table 1 ), and in regions that regulate At embryonic day 9.5 (E9.5), high expression of Zac1 is found in telencephalic vesicles (asterisk), neural tube (nt) which is not yet joined, future midbrain (fm) and pericardial region (arrow). Moreover, expression is weaker in the entrance to Ranthke's pouch (rp), on the thoracic wall (tw) and in somites (s), while the mandibular components of the first branchial arch (circle), hindlimb (hl) and forelimb (fl) are unstained. (C-F) At E12, the expression is more specific and many areas are well delimited. Thus, intense expression is observed on the body wall of the umbilical region (black arrow in C), forelimb (fl) and hindlimb (white arrow in C). In these two last structures, the label is located in the precartilage primordium of the hands, feet (white arrow in C) and digits (arrow in F). Strong expression is detected in the neural layer of the retina (nr in C and asterisk in D). Weaker label is observed in the costal cartilage (arrowhead in C and cc in E), neural tube (nt), telencephalic vesicles (tv), midbrain (asterisk in E) and somites (s). The lens vesicle (double asterisk in D) and the hindbrain (double asterisk in E) are unstained, while the nasal cavity (nc) is very weak labeled. Image (E) was from slices of 12-day embryos. Magnification: 7 £ (A), 6 £ (B), 3 £ (C,E), 18 £ (D) and 14 £ (F).
Fig. 2. Expression pattern of Zac1 mRNAs in brain coronal sections of E14 (A-E) and E18 (F-K) embryonic stages. The expression is detected in areas where active cellular proliferation occurs. Thus, at E14 (A-E) intense label is observed in the ventricular zone (VZ) of the lateral ventricles (A,B) and in many neuroepithelia (C-E), such as in ventral hypothalamic sulcus (nvhs), infundibulum (nIF), aqueduct of Sylvius (nAQ) and third ventricle (IIIv).
The neuroepithelium of the lateral ventricle (LV), the ventricular zone of the cingulate cortex (CCi) and the mammillothalamic tract area (MTa) are strongly labeled (A,B and C,D, respectively). In amygdaloid area (AA) and the ventricular zone of the ganglionic eminence (GE), the label is weaker (C and B, respectively). At this time, the ventricular zone of the hippocampal area (Hi) is unstained (B). By E18 (F-K), intense expression is still found in areas with cellular proliferation, such as the ventricular zone (VZ) of the lateral ventricles (F,G), the neuroepithelia (H,I,K) of third ventricle (nIIIv), the aqueduct of Sylvius (nAQ), and the choroid plexus (ChPl) of the fourth ventricle (K). At this stage, in anterior anatomic levels (F,G), the expression of Zac1 disappears in the marginal zone (MZ) while it appears in the cortical plate (CP) and subventricular zone (SVZ). Moreover, the label is very weak in the interventricular foramen of Monroe (IVF) and the neuroepithelium of the hippocampal formation (asterisk). At posterior levels (H-K), strong label appears in external granular layer of the cerebellum (arrowhead in J) and moderate signals of expression are detected in dorsal cochlear nucleus (cod) and tegmentum (Tg). Expression is weaker in the medulla (ME), the subcommissural organ (arrowhead in I), the geniculate body (g) and the medial vestibular nucleus (arrowhead in K). (I) Zac1-positive cells are observed in the dorsomedial thalamic nucleus (double asterisk), which are probably in the process of migration (arrows) to the geniculate body (g). and Table 1 ). In the cerebellum, moderate expression was detected in the external granular layer (EGL) and Purkinje cells up to P9. However, from P9 onwards, the label in the EGL layer quickly decreased, whereas in Purkinje cells it was maintained (Fig. 3M,N) . A lesser label was found in the subventricular zone. The expression pattern of Zac1 in the subventricular zone, cerebellum and hypothalamic-pituitary axis suggests Fig. 3 . Expression pattern of Zac1 gene from postnatal day 1 (P1) until adult. (A-F) During this period, the expression of Zac1 decreases within ventricular and subventricular zones (VZ and SVZ, respectively) while it increases in regions of posterior brain such as in pyramidal cells (Py) of the CA3 field of the hippocampus (Hi) and the amygdaloid area (double asterisk). Moreover during these postnatal stages, the label is found in some hypothalamic nuclei, begin well-defined in adult (G-J). Thus, as development proceeds Zac1 expression is increasing in the arcuate nucleus (solid arrow), anterior hypothalamic area (AH) and posterior hypothalamic nucleus (circle) while a decrease is revealed in lateral (LH) and dorsomedial hypothalamic (dmh) nuclei. However, in the ventromedial hypothalamic nucleus (asterisk) the expression is maintained as in embryonic stages, while a rapid decrease is seen in the neuroepithelium of the third ventricle (nIIIv in G). By P5 (H) moderate staining is found in terete hypothalamic nucleus (Te). (K,L) These microphotographs shows the morphological features of Zac1 positive cells which are located in the lateral hypothalamic nucleus (LH). (K) At P9 the cells within LH reveal typical features of migrating cells (arrow). However, at later stages of development until adult (L) these cells in LH acquire the morphology of mature cells. At P9, strong label is observed in the cerebellum (M), especially in the external granular layer (EGL) and Purkinje cells (Pj). However, a weaker label than before is found in the internal granular layer (asterisk). (N) In the adult cerebellum, the levels of Zac1 mRNAs are maintained in Purkinje cells (Pj), however a decrease is seen in the internal granular layer (asterisk), disappearing in EGL (arrow) (O) During postnatal development and in the adult, the expression pattern in the olfactory bulb is constant. Thus, a moderate label is found in mitral cell layer (Mi) and in differentiating field of the olfactory bulb (asterisk), while label is stronger in other differentiating field of the olfactory bulb, such as accessory (double arrow). (P) The sense probe of Zac1 gene was used in adult mouse and no positive cells were detected in anterior hypothalamic area (asterisk) or in the ventromedial hypothalamic nucleus (double asterisk). Magnification: 22.5 £ (A,F), 31 £ (B), 27 £ (C), 17.4 £ (D,I), 14.6 £ (E), 15.7 £ (G,N), 18.9 £ (H,O), 29 £ (J), 79.5 £ (K), 76 £ (L), 38 £ (M) and 23.8 £ (P).
that the Zac1 gene could be implicated in the cellular growth control, both in adult brain and along development. Besides, Zac1 induces expression of the PACAP 1 -R gene in pituitary gland (Spengler et al., 1997) and since this gene was highly expressed during early embryogenesis (Basille et al., 2000) , like Zac1, the neurotrophic role of both genes during brain development is reinforced.
Methods

Subcloned
To prepare digoxigenin (DIG)-labeled RNA probes for in situ hybridization (in vitro transcription), a cDNA fragment (2790 bp long) of the Zac1 gene (GenBank accession No. X95503) was subcloned into the BamHI and HindIII sites of pBluescript SK1. Sequencing of the cloned fragments of the Zac1 gene was performed with an ABI PRISMe dye terminator cycle sequencer (PERKIN ELMER).
In situ hybridization
Fetal and postnatal animals were perfused with 4% paraformaldehyde in 0.1 M phosphate buffer. The brains were removed immediately and together with whole embryos were immersed in the same fixative solution for 24-48 h at 48C. In situ hybridizations were performed on free-floating tissue sections and on whole embryos. Briefly, were rinsed in buffer solutions and treated with acid to increase the tissue permeability. After this treatment, the hybridizations were performed at 60-658C. The hybridization solution containing formamide (50%), sodium saline citrate (SSC), sodium dodecyl sulfate (SDS), sheared salmon sperm DNA, yeast tRNA and Zac1 riboprobes. After hybridizations, sections and embryos were washed in stringency solutions (with formamide, SSC and SDS) at 60-658C and incubated with RNase A. Subsequently, they were rinsed in buffer solutions, blocked with normal goat serum, incubated with an alkaline phosphatase-labeled antidigoxigenin antibody (Roche) and revealed with NBT and BCIP solution.
